1976. -Effects of peripheral and central thermoreceptor reflexes on sympathetic nerve activity to the skin (SkNA) and kidney (RNA) were compared in anesthetized cats. Sudden warming of the skin produced a rapid increase of RNA, whereas sudden cooling produced a rapid increase of SkNA. When the bath temperature (T,,) was 17.6, 29.7, and 41.9"C, the normalized SkNA was 100, 82, and 48%) while the normalized RNA was 81, 90, and 100%) respectively. Similarly, under open baroceptor loop conditions, SkNA changed inversely with Trs, while RNA changed proportionally to T,,. Changes in the temperature of the whole brain including hypothalamus CT,,,.) modified the amplitude of grouped RNA and SkNA synchronously with the cardiac cycle. At T,, of 32.4"C, when Thv was altered in a range of 30-42"C, SkNA reached a maximum level at a Thy of 38.4"C, whereas RNA reached a maximum above 42°C. In a T,,,. range of 38-42°C the slopes of the T,,-SBNA curve and T,,,.-RNA curve were 30 and +4%/C, respectively.
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At T,,,. below' 38°C SkNA and RNA changed in parallel with Thy. Continuous cooling of the skin modified the slope of the T,,-SBNA curve, but a small change of Ths caused a shift of the T,,-SkNA curve. thermoreceptor ANALYSIS OF SYMPATHETIC NERVE ACTIVITY (SNA) as a function of temperature in the skin and brain should provide essential information about the signals controlling the peripheral blood flow distribution which regulates body temperature.
Studies reported from this laboratory have shown that the major portion of SNA to the skin (19) was independent of baroceptor inputs and was dependent on skin thermoreceptor inputs, but SNA to the visceral organs, especially the kidney and spleen (18), was dependent on baroceptor inputs. The stomach (20) and intestine (13) were more independent of baroceptor inputs. Since the arterial blood pressure changes in an opposite direction in response to visceral SNA during thermal stimulation (19, 2l) , the additive effect of baroceptor inputs and thermoreceptor inputs on SNA cannot be ignored. However, no direct analysis of the visceral and skin SNA to thermal stimulation has been made under open baroceptor loop conditions. Linear and nonlinear relationships between skin temperature and skin thermoreceptor activity (2, 4, (9) (10) (11) as well as between hypothalamic temperature and hypothalamic neuron activity (5, 8, 16 ) have been demonstrated by many investigators. Hypothalamic neuron activity is modified by the thermal signals from the skin (3, 7, 14, 15, 24) and spinal cord (6) . These findings have suggested that the relationship between skin temperature, brain temperature, and SNA to the blood vessels in various organs varied quantitatively and/or qualitatively, depending on the strength and rate of stimulus. An inverse relation exists between SNA to the skin and SNA to the visceral organs whenever thermal stimulation is applied to the skin (19, 21), spinal cord (23), and hypothalamus (12) . It has been shown that the thermal stimuli applied to different sites of the body evoked qualitatively identical patterns of sympathetic responses. However, no detailed analysis of the relationship between thermal stimuli and SNA has yet been reported. Moreover, it still remains to be established if the excitatory or inhibitory effects on SNA induced by the afferent inputs from the skin, central nervous system, and other thermoreceptor areas are summed when thermal stimulation is applied simultaneously to these areas. In this study these problems were investigated in anesthetized cats.
METHODS
Fifteen cats (2.2-4.5 kg) were anesthetized with sodium pentobarbital (30-35 mg/kg, ip), and the hair covering the right side of the body was clipped off. The trachea was intubated for artificial respiration, when muscle relaxant (gallamine triethodide, 0.2-0.4 mg/kg, iv) was injected to mitigate muscular movements due to shivering or panting. Thereafter, as needed, additional anesthetic (2-5 mg/kg) and relaxant (0.1 mg/kg) were administered through a catheter inserted in the right femoral vein.
In 12 cats, the skin including the superficial vessels and nerves was partially separated from the superficial fascia at the subcutaneous tissue of the left posterolatera1 abdominal wall, and then the skin edges were raised by sutures to form a paraffin pool. A skin nerve bundle (0.03-0.2 mm diam and 2-5 cm length) was isolated from a plexus which surrounded the superficial vessels (0.1-0.5 mm diam) distributed to the skin of the left side of abdominal, lumbar, iliocostal, or gluteal regions. In the same animals, the left renal nerve was separated from the renal plexus located near the renal artery. Efferent nerve discharges to the skin and kidney were recorded simultaneously in the paraffin pool at the central cut ends of these nerves. Isolated nerve bundles 272 I. NINOMIYA AND S. FUJITA of longer length were preferable for recording because mechanical noise due to cardiac pulsation, respiratory movements, shivering, panting, and reflex movements during thermal stimulation could be avoided. The original nerve discharges were amplified by a preamplifier (band pass = 50 Hz-2 kHz) and were continuously monitored by an oscilloscope (model 502A, Tektronix, Inc.). The amplified nerve discharges were rectified by fullwave rectifier circuits, and then the output signal was integrated con .tinuously by a RC integrator (time constant = 1.0 s), and denoted as mean sympathetic nerve activity. In two cats, the peripheral cut ends of the skin nerves were stimulated electrically by rectangular pulses (5 Hz, 8 V, 0.5 ms) for confirming the vasoconstrictor fibers. During stimulation vasoconstriction was observed microscopically.
In all cats, aortic blood pressure was recorded by an electromanometer (MP-3, Nihon Koden) through a heparin-filled polyethylene tube (PE-100, length 30-40 cm) inserted i nto the right femoral artery. All data were displayed on a pen recorder (mu1 tiple-monitor recorder, model 150, Nihon Koden) and stored on magnetic tapes (TEAC, R-500, Data Recorder). Computation of averaged activity synchronous with the cardiac cycle and statistical analysis of all data were made with a hybrid computer (HIDAS 200, Hitachi Ltd.).
Experiments were performed in an air-conditioned room with the temperature maintained between 22 and 27°C. All cats were placed in a perfusion box (65 x 20 x 15 cm) in order to cool or warm the skin. Since the two paraffin pools were constructed on the left side of the body for recording the neural signals, the right side of the body (more than half of the body surface) was exposed to the altered bath temperature for changing the skin temperature. The level of water in the bath (perfusion box) was carefully kept constantly at a level below the surface of the paraffin pools by adj usting the height of orifice of the outlet tube. The bath temperatu re was changed rapidly by replacing the bath water with perfusion water of desired temperature. In most cases, the temperature of the perfusion water in the tank was set initially at 15, 30, or 45°C. The bath temperature and rectal temperature were monitored continuously by means of an electrothermometer (type MVR 5, Kyoto Denshi Kenkyusho).
The temperature of the whole brain including the hypothalamus was changed by warming and cooling the common carotid arterial blood. In five cats, the common carotid arteries were exposed bilaterally at the middle of the neck and were separated from the vagosympathetic trunks. After i ntravenou s injection of heparin solution, the common carotid arteries were cut at the neck level, and then both the central and peripheral cut ends of the arteries were connected to a heat exchanger which consisted of a silicon rubber tube (ID, 1.5 mm; length, 40 cm), metal tube, and perfusion box. When the temperature of the heat exchan .ger was changed to 1 5 or 47°C from room temperature, hypothalamic temperature ranged from 25 to 43°C depending on the duration of thermal stimulation and blood flow through the heat exchanger. In these five cats and one other cat, hypothalamic temperature was measured simultaneously with bath temperature by a miniature needle thermistor (no. 18 needle gauge, length 8 cm, Nihon Koden).
In three cats the four major afferent pathways for baroreflexes were opened to eliminate the effects of baroceptor inputs on the sympathetic nerve activity. After the vagoaortic nerves were sectioned bilaterally at the middle of the neck level, the carotid sinus nerves were sectioned bilaterally in two cats and were blocked by the local application of 4% Xylocaine in one cat. Open baroceptor loops were confirmed by the disappearance grouped RNA synchronously with the cardiac cycle.
RESULTS
Response pattern of sympathe ltic nerve sudden cooling and warming of skin activity to of Simultaneous recording of bath temperature (T& mean skin nerve activity (MSBNA), mean renal nerve activity (MRNA), and aortic pressure (AP) during thermal stimulation of the skin are shown in Fig. 1 . Sudden warming of the skin induced by an increase of T, from 30 to 42°C or from 20 to 42°C produced a slow reduction of MSkNA in all three trials but a rapid increase of MRNA in two of three trials. On the other hand, sudden cooling of the skin induced by a decrease of T, from 40 to 15°C produced a rapid increase of MSkNA but a slow inhibition of MRNA. In most cases, MSkNA reached a relatively steady level within 2 min after cooling or warming was commenced. During thermal stimulation the time course of response curves, in particular with MRNA, varied significantly among different experiments and even among different trials in a given experiment, but in many trials the reduction of MSkNA to sudden warming was much slower than the increase of MSkNA to sudden cooling, whereas the increase of MRNA to sudden warming was more rapid than the decrease of MRNA to sudden cooling. An overshoot response in MSkN A to sudden cooling was observed frequent1 .YY and an overshoot response i . Fig. 2B by open circles. The T,-MSBNA curve showed a convex inverse relation. Such an inverse relationship between T, and MSkNA was observed in other trials, even when the data were sampled at three different T, levels (low, moderate, and high). As shown in Table 1 , although variation of MSkNA appeared for a given T,, among the different trials in each experiment and also among the different experiments, normalized MSkNA obtained from nine experiments was 100, 82, and 48% at a T, of 17.6, 29.7, and 41.9"C, respectively. The difference in mean values of MSkNA obtained at three T, levels was statistically significant (P < 0.01). These results indicate that in a range from 15 to 45"C, MSkNA changed inversely with a convex relation to T, (Fig. 2B) .
The slope of the T,-MSkNA curve (AMSkNA/AT& defined as the differential sensitivity of the T,,-MSkNA system, differed at various T, levels (Fig. 2B) . In each experiment, the relative change in MSkNA per 10°C of AT, was calculated from the data given in Table 1 larger than that obtained at low temperature range (15-30°C). The mean and standard error of relative change in MSkNA per 10°C of AT,, was --(15 t 4)%/1O"C and -(28 t 4)WlO"C at low and high T, ranges, respectively, and the difference of mean values was statistically significant (P < 0.05). It can be concluded that the differential sensitivity of the T,,-MSkNA system was higher at high T, range (30-45°C) than at low T,, range (15-30°C).
In six cats studied, mean sympathetic nerve activity to the kidney was measured simultaneously with MSkNA. Average MRNA was sampled at the same time intervals of 281 trials in 9 experiments as used in MSBNA. The normalized mean values, standard deviations, and standard errors of MRNA are shown in Table  1 . The normalized MRNA was 81, 90, and 100%) at T, of 17.6, 29.7, and 41.9"C, respectively. The difference of mean values obtained at three TR levels was statistically significant (P < 0.05). The cross-correlation coeficient was + 0.71 between T, and MRNA. These results indicate that MRNA changed in proportion to T, over a range from 15 to 45°C. The slope of the relationship between T, and MRNA (AMRNA/AT,), defined as the differential sensitivity of the T,-MRNA system, was +(7 + 2)%IlO"C and +(8 t Z)%/lO"C at high Tn (30-45°C) -and low TB (1530°C) ranges, respectively. The difference in slopes obtained at high and low TR ranges was not significant (P > 0.05). The differential sensitivity of the T,-MRNA system was almost the same in the T, range from 15 to 45°C and therefore the relationship between MRNA and T, was expressed by a linear regression line, i.e., MRNA (%) = 0.78 T, + 67.
Aortic pressure was 148/109, 138/100, and 136/98 mmHg at low, moderate, and high TB levels, respectively ( Table 1) . The difference in aortic pressure at low and moderate TB levels was significant (P < 0.05). It can be concluded that during cooling of the skin aortic pres-sure was elevated as described previously (19, 21) . However, during warming the decrease of aortic pressure was not significant (P > 0.05), because in some cases there was an increase of aortic pressure during warming with an overshoot increase of MRNA (Fig. 1) .
Open baroceptor
loops. An example of the data measured under the open-loop condition is shown in Fig. 3 . When TH was reduced in a stepwise manner by perfusion water of 45, 30, and 15°C MSkNA increased, while MRNA decreased concomitantly.
During continuous cooling MSkNA increased gradually, even though T, was kept almost constant. When TH was increased in a stepwise manner by perfusion water of 30 and 45°C MSkNA decreased inversely to TH, while MRNA increased proportionally to T,. In Fig. 3B it is noted that the T,,-MSBNA curve obtained during warming was shifted upward as compared to that obtained during cooling. Thus, a clockwise hysteresis relationship between TH and MSkNA was observed during cooling and warming. In many trials, such a hysteresis relationship was recorded. On the contrary, a clockwise hysteresis relationship between T H and MRNA could not be observed (Fig. 3C) . When anesthetized cats paralyzed with muscle relaxants were placed for more than 10 min in a cold bath (temperature range from 15 to 30°C) at room temperatures of 22-27"C, body temperature decreased gradually. It can be assumed that one of the factors responsible for this hysteresis relationship is the delayed temperature change in the skin, body core, spinal cord, and/or hypothalamus.
MRNA and mean aortic pressure measured in three cats are shown in Fig. 4 . In Fig. 4& In five cats, brain temperature was changed selectively by warming or cooling the common carotid arterial blood using a heat exchanger, while in a given experiment skin temperature was kept almost constant by a fixed T,. Hypothalamic temperature was monitored simultaneously with MSkNA and MRNA over a period of 4 h. Discharge patterns of the original neurograms synchronous with the cardiac cycle varied widely among the different Thy levels. To determine more precisely the grouped SNA synchronous with cardiac cycle, SkNA and RNA were averaged over 100 consecutive cardiac cycles in a given Thy level using the maximum positive dpldt of the aortic pressure as a trigger signal for the averaging device. A series of data sampled at six different Thy levels in one experiment is shown in Fig. 5 . Grouped SkNA synchronous with the cardiac cycle was slightly observed at a T,, range of 3'7-39°C but it could not be detected in many trials below 35 or above 40°C. In general, grouped activity synchronous with the cardiac cycle was more dominant in RNA than in SBNA, confirming the previous observation (19). Even when the grouped activity induced by baroceptor inputs was taken into consideration, change in both MRNA and MSkNA induced by hypothalamic thermal stimulation was statistically significant (P < 0.05).
Average MSkNA and MRNA sampled at various hypothalamic temperatures were normalized in six to nine experiments from three cats. In these nine experiments T, varied from 30 to 35°C (mean = 32.4"C), but in a given experiment variation of T, was less than t 1°C. In Fig. 6A , the relationship between Thy and MSkNA varied widely among the different experiments. Since TB was not the same in all experiments, some of the variation in the T,,-MSBNA relationship could have been caused by different Tn levels. MSkNA reached a maximum level at a Thu of 38.4 ? 0.3"C (range 36.0-39.5'0. All data sampled at eight different Thy levels are summarized in Table 2 . Normalized MSkNA decreased from 85 + 17 to 24 t 20 (SD)% as Thv increased from 39 to 41°C -respectively. However, when T,,. was decreased from 38 to 30°C MSkNA decreased gradually from 81 t 19 to 18 t 16 (SD)%. As shown in Fig. 6A , variation of positive slopes of the T,,-MSkNA curve (solid lines) was larger than that of negative slopes (dotted lines). The slope of the T,,-MSkNA curve (AMSkNA/AThy) defined as differential sensitivity of the system was -30%/C in a range of 39-41°C while it was +8.5%/C in a range of 38-32°C. MSkNA decreased to almost the noise level at a Thv of 42°C or at a Thy below 30°C.
M-RNA varied widely for a given Thv level among the different experiments, particularly at low Ths' levels ( Fig. 6B) . In Table 2 , a maximum value of MRNA was recorded at a Thv of 41°C. MRNA decreased gradually from 93 t 6 to 5i t 26 (SD)% followed by a reduction of Thy from 41 to 30°C. The cross-correlation coefficient between Thy and MRNA was +0.96. The slope of the Thy-MRNA curve differed, depending on T,, levels. Within a range from 39 to 41°C the slope was 4%/C, while it was +1.6%/T in a range of 38-34°C. Below 34°C the slope tended to increase. It is concluded that in the physiological T,, range MRNA changed in proportion to Thy levels.
However, in two experiments, when Thv was increased above 43°C MRNA decreased suddenly to almost the noise level associated with a significant reduction of aortic pressure. These findings suggest that the maximum MRNA may be obtained at a range of 41-43°C. The data shown in Table 2 and Fig. 6 suggest that an inverse relation of SkNA to RNA could only be observed in a Thy range of 3%42°C.
Interrelationship between bath temperature, hypothalamic temperature and skin sympathetic nerve activity
In three cats, TB was increased initially to nearly 42-43°C which was maintained for more than 1 h. After T,, exceeded 40°C and MSkNA decreased to about the noise level, TB was decreased suddenly to various levels. T,, and MSkNA changed with various time courses for a step change in TR. Changes of ThY and MSkNA measured 5 and 30 min after the onset of cooling of the skin were plotted as a function of T, in Fig. 7 . In Fig. 7A , as shown by solid lines, reduction of Tbs. was negligibly small (less than O.l"C) at 5 min, even when T, was reduced from 42 to 12°C but at 30 min it significantly changed depending on T, levels as shown by dotted lines. The slopes of the TH-Thv curve obtained in the latter case ranged from 0.1 to b.2. Therefore, the data collected within 5 min after the onset of thermal stimulation shown in Table 1 and Fig. 2B reflected mainly the influence of thermoreceptor inputs located in the skin.
MSkNA measured 5 and 30 min after the onset of thermal stimulation was plotted as a function of TR (Fig.  7B) . When the data were sampled 30 min after the onset of cooling, MSkNA changed inversely with TH as demonstrated in Figs. 2, 3, and 7 , but the slope of the TRMSkNA curve was approximately 2 times steeper than that obtained after 5 min. It is suggested that the slope of the T,,-MSkNA curve was modified by other thermoreceptor input, e.g., brain thermoreceptor.
In Fig. 8 , the T,,-MSkNA curve was obtained at different Thy levels. The hysteresis relationship between T, and MSkNA obtained during cooling and warming of the skin was shifted almost parallel toward the upward direction due to an increase in Thv from 34 to 38°C. The direction of the shift, i.e., upward or downward, was dependent on the initial and final Thv levels. In Table 1 , . in a given experiment the data were collected at various rectal and hypothalamic temperatures. The large stand- Values are means + SD. ard deviation of MSkNA at three TB levels may partly be caused by a shift of the TB-MSkNA curve. An almost parallel shift of the T,-MSBNA curve due to a small change of T hy suggested that the effects of two inputs originating from the skin and brain were summed on MSBNA. However, the slope of the curve varied when the change of Thy was increased.
DISCUSSION
Inverse relation of sympathetic nerve activity to skin and kidney
The present study showed that under closed baroceptor loop conditions sympathetic nerve activity to the skin (SBNA) changed inversely with a convex relation to TB within a range of IS-45"C, while RNA changed proportionally to TB. A summary of all data is schematized in Fig. 9A . The negative correlation between SkNA and RNA (r = -0.62) is in good agreement with earlier observations obtained under closed-loop conditions when an antagonistic change of cutaneous and visceral sympathetic nerve activity was seen (21). Under open baroceptor loop conditions, RNA changed proportionally to TB as under closed-loop conditions (Fig. 4) . The RNA was modified directly by thermoreceptor inputs located in the skin and in an opposite direction to SBNA. dynamic responses of SBNA, the skin thermoreceptorSkNA system showed a rate-sensitive character to cooling of the skin but not to warming, whereas the skin thermoreceptor-RNA system showed frequently a similar character to warming. The origin of nonuniform responses to rate of thermal stimulation was not determined, but it is suggested that both systems have a rectifier property to a specific input. Previous studies (2, 4, (9) (10) (11) have demonstrated typiml cal differences in the static frequency curves of both 50 types of cutaneous thermoreceptors, in that the temperature of the maximum discharge was lower for cold recep- level at 63°C whereas warm receptor activity was reduced to nearly the noise level at 30°C. Therefore, an additive interaction between cold and warm receptor Under closed baroceptor loop conditions, during cool-activities on SNA could be observed in this range of skin ing of the skin, visceral sympathetic nerve activity de-temperature, i.e., 30-43°C. The differential sensitivity creased, yet aortic pressure increased (19, 2,l) . A similar of the T,-SBNA system showed a negative value and phenomenon was obtained in this study ( Fig. 1 and was larger at high TB levels (30-45°C) than that at low Table 1 ). This can be explained as follows: the increase TB levels (1530°C). Although the skin temperature and in AP during cooling may partly be caused by vasocon-TB were not the same, the increased differential sensitivstriction of skin vessels due to the increase of SBNA, ity of the T,-SBNA system at a TR of 30-45°C can be since SkNA increased during cooling. In contrast, under explained by an additive interaction of the inhibitory open baroceptor loop conditions, during thermal stimulaeffects of warm receptor inputs on the excitatory effects tion AP changed almost parallel with RNA (Fig. 4) . of cold receptor inputs. At low TR levels (15-3O"C), the This finding shows that AP was determined more by the visceral SNA than by SkNA during thermal stimulation, when the additive interaction of baroceptor inputs on visceral SNA was eliminated by open ioops.
In a previous study (12) the relative magnitude of SkNA and visceral nerve activity recorded at a given T,, level during local hypothalamic cooling or heating was compared to that recorded at the initial T,, (38.5-39.5'0. The response patterns of SkNA and visceral cold receptor inputs would play a dominant role on both SkNA and RNA, since the warm receptor activity was small at or below the skin temperature of 30°C. The fact that RNA decreased at low TB levels under open baroceptor loop conditions indicates that there was an inhibitory effect of cold receptor input on RNA. On the other hand, the increase of SkNA at low TH levels indicates an excitatory effect of cold receptor input on SkNA.
Hypothalamic thermoreceptor-sympathetic nerve nerve activity varied during cooling of the hypothalasystem. Since it is difficult to produce a sudden change mus, while during heating antagonistic change was in hypothalamic temperature using our method, dyalways observed. Since the T,,-SBNA system showed a namic responses of SkNA and RNA to hypothalamic nonlinearity , the conclusion deri ved from the me asurements of the magnitude of nerve acti vities at the initial thermal stimulation were not studied. Moreover, the tempera ture of the brain area o ther than the hypoth .alaand final Thy levels during cooling should vary widely. mus and that of the face and head area were changed Furthermore, as shown in Fig. 9B , it was found in this simultaneously during cooling and warming of the comstudy that the differential sensitivity of the T,,-MSBNA mon carotid arterial blood. Therefore, the influence of curve presented a negative value in a range from 38 to 42°C whereas that of the T,,-MRNA curve demonthermoreceptor inputs other than th .e hypothalamus on the relationship between T,, and sympathetic nerve strated a positive value. This suggested that an inverse activity cannot be neglected. As reported from this laborelationship between SkNA and RNA was observed ratory (19), the effects of sodium pentobarbital on SkNA only in a narrow range of hypothalamic temperature cannot also be neglected. In spite of these limitations, (38-42'0, but in a wide range of skin temperature (15-both SkNA and RNA changed with typical differences 45°C).
as summarized in Fig. 9B .
Skin thermoreceptor-sympathe tic nerve system. The question to be resolved is whether SkNA w pas increased k
There are various types of thermose snsi tive neurons .g., warm sensitive and cold sensitive) in the hypothaby cold receptor inputs or by warm receptor inputs from lamic regions which have either linear or nonlinear the skin. A similar question was raised in RNA. From characteristics to local Thy (5, 8, 16, 24) . In these studies, the analysis of dynamic responses, cutaneous thermorelocal hypothalamic temperature was selectively ceptors were classified into two types, i.e., cold and changed, whereas in this study the whole-brain temperwarm receptors. The cold receptor showed an overshoot ature was changed. Therefore, the following discussion of its discharge on sudden cooling and a transient inhibiis made with some reservation. The warm-sensitive tion on warming, -whereas the warm receptor responded neuron activity increased at high local Thy levels in in the opposite direction, namely an inhibition on cool-proportion to Thy. In this study, as shown in Figs. 6 and ing and an overshoot on warming (9) . In analyzing the 9B and Table 2 , at a Thy above 38°C a negative slope of the T,,-SBNA curve, but a positive slope of the TI,,-RNA curve was detected. This inverse response to heating of the whole brain suggested that SkNA was inhibited by inputs from warm-sensitive neuron, while RNA was excited. Further study should be made on the contribution of the thermosensitive neuron to SNA.
Both SkNA and RNA changed in proportion to Thy in a range of 38-30°C even though a significant variation was found in the slopes (Fig. 6) . Such a finding seems to be at odds with other data that indicate local hypothalamic cooling results in vasoconstriction which was probably induced by an increase in SkNA (12, 22) . The following explanation can be given for the decrease in SkNA and RNA at low T,, levels. The whole neuron activity in the brain except the cold-sensitive neuron was decreased with cooling of the brain including the hypothalamus and in turn induced the reduction of SNA. As discussed in the foregoing section, the Th,,-SkNA curve showed a nonlinear relation. If the initial TIlv was selected in a range of 39-42°C an increase in SkNA would be observed initially during cooling. In many of these studies (12, 22) , the initial Thv level was . near 39°C or above this level.
A convergence of both central and peripheral thermal inputs was demonstrated in the hypothalamus (3, 7, 23) and midbrain (17 gence of peripheral and central thermal stimulus effects on sympathetic nerve activity to the skin. The differential sensitivity of the T,,-SBNA system in a ThY range of 38-42°C was approximately lo-12 times larger than that of the T,-SBNA system. Also, the differential sensitivity of the T,,-RNA system was approximately 5 times larger than that of the Tg-RNA system. These results suggest that the change of hypothalamic temperature as compared with the change of skin temperature had a more significant influence on the sympathetic system within the physiological temperature range. Moreover, a nonlinear relation between Thu and SkNA appeared at a Thy o f 38°C (maximum) and at a T,, of 42°C (minimum). Hypothalamic temperature may be clamped effectively in this narrow level of T,, by these characteristics of the system including inverse relation, high differential sensitivity, and nonlinearity. Indeed, the neutral hypothalamic temperature of the cat was confined to a narrow T,, level (1) .
